Recent research has found a positive relationship between real exchange rate (RER) undervaluation and economic growth. Different rationales for this association have been offered, but they all imply that the mechanisms involved should be stronger in developing countries. Rodrik (2008) explicitly analyzed and found evidence that the RER-growth relationship is more prevalent in developing countries. We show that his finding is very sensitive to the criterion used to divide the sample between developed and developing countries. We then use alternative classification criteria and empirical strategies to evaluate the existence of asymmetries between groups of countries and find that the effect of currency undervaluation on growth is indeed larger and more robust for developing economies. However, the relationship between RER undervaluation and per capita GDP is non-monotonic.
Introduction
In recent years a significant body of research has focused on the relationship between real exchange rates (RER) and economic growth. The studies have used different data sets and empirical strategies but a systematic finding appears common to almost all: undervalued, i.e., competitive, RER are positively associated with higher economic growth. Although the research on the mechanisms involved in such a relationship is still in an infant stage, two main explanations have predominated. One suggests that an undervalued exchange rate favors the re-allocation of resources towards the tradable sector which is the locus of learning-by-doing externalities and technological spillovers. As Rodrik (2008) and Eichengreen (2007) indicate, this mechanism mostly applies to developing economies, where market failures are more conspicuous. The other explanation emphasizes the role of competitive RER in relaxing the foreign exchange constraint to growth. 1 In developing countries with substantial open or hidden unemployment, the argument goes, growth can be accelerated with policies that mobilize unemployed resources. However, the acceleration of growth and capital accumulation have an impact on the balance of payments, especially if the dependence on imported capital goods is high as in the case of developing countries. In such conditions, a competitive RER would help relax foreign exchange bottlenecks that otherwise could restrain the development process.
Both narratives share a common element; namely, that the mechanisms involved are characteristic of developing countries. Thus, regardless of the relative importance of each mechanism, one should observe in the data that the positive relationship between RER undervaluation and economic growth is stronger in developing countries. To our knowledge, Rodrik (2008) is the only study that explicitly analyses and finds evidence that the RER-growth relationship is more prevalent in developing countries. His result, however, is very sensitive to the criterion used to divide the sample between developed and developing countries. In this paper, we provide a more thorough analysis of differences between developed and developing countries using a variety of methods and classification criteria. Our results show that the positive correlation between RER undervaluation and economic growth is indeed stronger in developing countries.
The paper is organized as follows. After this introduction, we briefly survey the literature analyzing the RER-growth relationship. In section 3, we replicate Rodrik's result and show its sensibility to different classification criteria. We then provide our results. In the final section, we conclude.
Literature Review
A popular empirical strategy among recent studies has been to run standard growth regressions using some index of RER misalignment, i.e., undervaluation or overvaluation, as a right-hand variable. The construction of such indexes requires comparing actual with equilibrium RER, for which some estimation of the latter is needed. Two approaches have been followed. One of them defines equilibrium RER as the purchasing power parity level adjusted by the Balassa-Samuelson effect (PPP-based ). The other approach relies on either single equation or general equilibrium macroeconometric models, in which the estimated equilibrium RER depends on economic fundamentals such as relative productivity, net foreign assets, terms of trade and government spending (fundamentals-based ). Razin and Collins (1999) construct a fundamentals-based index of RER overvaluation derived from a structural macroeconomic model and use it for a pooled sample of 93 developed and developing countries over 16 to 18 year periods since 1975. They find that their index correlates negatively with economic growth. Their results also suggest the existence of asymmetries; the negative effect of overvaluation on growth is stronger than the positive effect of undervaluation. Aguirre and Calderon (2005) construct three fundamentals-based indexes of RER overvaluation for a panel of 60 developed and developing countries over 1965-2003 and find that they correlate negatively with GDP per capita growth. The relationship also appears to be asymmetric and non-linear: the estimated coefficients are larger for cases of overvaluation than those of undervaluation and they tend to decrease in absolute terms with higher degrees of undervaluation. The negative relationship between overvaluation and growth continues to hold when the fundamentals-based indexes are replaced by PPP-based indexes. Prasad et al. (2007) find that developing countries that rely less on foreign capital tend to grow faster. They also find that capital inflows are positively associated with a PPP-based index of RER overvaluation. Both results apply only to developing countries; for developed nations the relationships actually show the opposite sign. A possible explanation for these findings -they argue-is that capital inflows tend to appreciate domestic currencies which hurts economic growth by lowering incentives to invest in manufactures. They directly test the relationship between their index of RER overvaluation and economic growth and find that they correlate negatively. They do not investigate, however, whether this association varies between developed and developing countries. Gala (2008) finds a negative relationship between GDP per capita growth and a PPP-based index of RER overvaluation in a panel of 58 developing countries between 1960-1999. The result is robust to changes in control variables and econometric techniques.
The positive association between RER undervaluation and economic growth has also been found in studies that have not estimated equilibrium RER. For instance, Hausmann et al. (2005) identify 83 episodes of sustained growth acceleration in developed and developing countries between 1960 and 2000 and find that these tend to be preceded by RER depreciations. In a similar study, Berg et al. (2008) investigate the factors that make growth episodes sustainable in both developing and developed countries. They find that RER overvaluation affects adversely the duration of growth spells. Polterovich and Popov (2002) carry a cross-country study for developing countries, in which foreign exchange (FX) reserve accumulation appears to be positively associated with GDP per capita growth and the level of the RER. Using data for developing countries, Levy-Yeyati and Sturzenegger (2009) build two indexes of FX intervention and find that they are positively correlated (in independent regression analyses) with GDP growth and the level of RER. The results of these two studies are interpreted by the authors as evidence that FX reserve accumulation by central banks in developing countries is carried to maintain undervalued RERs and thus to stimulate growth.
Unlike the above studies, Rodrik (2008) explicitly tests for asymmetries between developing and developed countries, using a PPP-based index of RER undervaluation in a fixed-effects model for a panel of 184 countries between 1960 and 2004. He defines developing countries as those with a GDP per capita less than $6,000 and finds that the positive relationship between RER undervaluation and economic growth is stronger and more significant for developing countries than for developed countries. In the next section, we show that this result crucially depends on the choice of the GDP per capita used to divide the sample between developed and developing countries.
Econometric model and results
We follow the three-step methodology pursued by Rodrik (2008) to obtain a PPP-based index of RER undervaluation. Using data from Penn World Tables 6.2, we first calculate the real exchange rate (RER) as the ratio between the nominal exchange rate (XRAT ) and the purchasing power parity conversion factor (P P P ). Because the real exchange rate can deviate from equilibrium in the short/medium run we use a 5-year frequency, in which each observation corresponds to the period average. Both variables are expressed as national currency units per U.S. dollar. However, since P P P is calculated over the entire GDP, the basket includes non-tradables. Thus, in order to calculate equilibrium real exchange rates, in a second step we adjust for the Balassa-Samuelson effect, regressing RER on real GDP per capita (RGDP CH):
where i and t are country and time indexes, respectively, f t accounts for time fixed effects, and ε it is the error term. Similarly to Rodrik, we obtain an estimate of β = −0.24, with a t statistic of 21.29. The sign of the coefficient is in line with the Balassa-Samuelson prediction; in this case, a 10% increase in RGDP CH is associated with a 2.4% real appreciation. Finally, we define the undervaluation index (U N DERV AL) as the ratio of actual to Balassa-Samuelson-adjusted real exchange rates: U N DERV AL it = RER it / RER it . Defined this way, U N DERV AL is comparable across countries and over time; when it exceeds unity, the domestic currency is undervalued in real terms, i.e., domestic goods are cheap in international dollar terms. We use ln U N DERV AL as the main variable of interest; it has a zero mean and a standard deviation of 0.47. 2
We conducted a series of standard growth regressions for a panel of a maximum of 181 countries and up to eleven 5-year time periods spanning 1950-2004. 3 The estimated fixed effects model is:
The dependent variable is the average annual growth rate of real GDP per capita, RGDP CH it−1 captures the convergence term, f t time-specific effects, f i country-specific effects, ε it is the error term, and X is a vector of standard control variables, which includes government consumption, the inflation rate, gross domestic savings, 4 degree of trade openness, human capital (years of education), terms of trade, foreign debt, real exchange rate volatility, and an index of rule of law. 5 Table 1 lists the variable definitions and data sources. The specification in (2) estimates the effect of changes in undervaluation on changes in the rate of growth "within" countries. Table 2 reports a series of estimations of equation 2 for the whole panel. In the baseline growth regression, the estimated coefficient of ln U N DERV AL is δ = 0.015 which is significant at 1%. This implies that a one standard deviation (0.47) in ln U N DERV AL boosts the rate of growth by almost 0.75 percent points per annum. The coefficient, however, turns smaller and less significant 2 Rodrik reports that ln U N DERV AL has a zero mean and standard deviation of 0.48.
3 Also following Rodrik, we exclude from the sample three countries with extreme values of ln U N DERV AL: Iraq, the Democratic Republic of Korea and Laos.
4 Since saving decisions are likely to be affected by the real exchange rate, U N DERV AL and the saving rate (GDSGDP ) are expected to be highly collinear. To correct for multicollinearity, we estimated the effect of undervaluation on the saving rate (GDSGDP = α + β ln U N DERV ALit + ft + fi + εit) and then used the residuals of this regression as a control variable. With this methodology the coefficient on ln U N DERV AL captures its direct effect on the dependent variable (GROW T H) and its indirect effect through the saving rate. The coefficient on the residuals captures the effect of the saving rate on the dependent variable, net of the effect of ln U N DERV AL. 5 We also explored lagged effects of ln U N DERV AL but found these to be insignificant in the baseline regression.
as the number of control variables is increased (columns 2 to 6), and when the terms of trade and rule of law are added to the control group, ln U N DERV AL becomes insignificant. Overall, table 2 provides some evidence of a positive relationship between ln U N DERV AL and economic growth for the entire panel. We now investigate whether this relationship is stronger for developing countries.
As mentioned in the previous section, Rodrik (2008) classifies developing (developed) countries as those with a real GDP per capita of less (more) than $6,000. Under this classification, he finds that the estimated coefficient of ln U N DERV AL in the baseline regression is low and not significant for developed countries, whereas it is large and significant for developing countries. Columns 3 and 4 in Table 3 reproduce those results, which are almost identical to Rodrik's. This is a key result that Rodrik uses to indicate that the positive relationship between currency undervaluation and economic growth "is true particularly for developing countries" (p. 365). Rodrik does not justify his choice of $6,000 as GDP per capita cut-off. Table 3 reports a sensitivity analysis in which different GDP per capita thresholds are used. The results show that the asymmetric effect of undervaluation between countries is actually very sensitive to the choice of the threshold. For instance, if the cut-off is selected from anywhere in the $9,000-$15,000 range, the estimated coefficient is large (between 0.016 and 0.031) and highly significant for developed countries as well. 6 For GDP per capita greater than $16,000, the effect is not significant, but this could result from the small number of observations. On the other hand, the effect of undervaluation on growth appears to be high and robust for low income countries. Columns (1) to (3) show that for countries with GDP per capita less than $6,000 the effect of undervaluation tends to increase as income per capita decreases. Overall, the evidence in Table 3 suggests that the asymmetry between developed and developing countries may depend critically on the choice of the GDP per capita cut-off.
To analyze whether there is an asymmetry between developing and developed countries we use two alternative classifications. First, a relatively standard classification defines developed countries as those belonging to a group of 23 countries typically considered industrialized. 7 We refer to this as "classification I." One potential objection to this classification is its static nature: countries are classified as either developed or developing based on their current status. In our sample period that covers 55 years, it is not evident that a country that is now seen as developed would have been considered the same at the beginning of the sample. Some European countries in the immediate post-war period with high levels of unemployment come to mind in this regard. Similarly, there might be developing countries today which could have been considered developed at the beginning of the sample. An example is Argentina. In order to provide a more dynamic classification of countries, our second classification, termed "classification II," defines developed countries as those which in a given 5-year period were at a per capita GDP level at least half of that of the US, excluding those that had a population of less than a million in 2004. Under this classification, some countries are defined as developed (developing) at the beginning but not at the end of the sample. 8 Table 4 presents estimates of equation (2) for developing countries under classification I. The effect of undervaluation on growth appears to be large and highly significant. The estimates are robust 6 For countries with GDP per capita less than a cutoff in the range of $6,000-$16,000, the estimated coefficient is between 0.024 and 0.017 and always significant at 1%. An appendix with details is available on request.
7 The countries are Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Luxembourg, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom and United States. Other studies have followed a similar classification. See, for example, Prasad et al. (2007) . to the use of different control variables. The estimated coefficient reported in columns (1) to (4) remains stable in the range between 0.017 and 0.023 and is always significant at 1%. In regression (5) that includes the rule of law index the coefficient is not significant. This seems to be a result of the small number of observations rather than the loss of explicative power due to the new control. 9 When we run the regression using the same control variables as in column (2) only for the periods for which there is data for the rule of law index, the estimated coefficient maintains a very similar value and t statistic, i.e.,δ = 0.023 (1.27), as in regression (5). The effect of undervaluation is also robust to changes in the sample period. When we split the sample in two sub-periods, the coefficient is significant in both although it varies from 0.031 to 0.013. Overall, the results in this table provide strong evidence that the effect of RER undervaluation on growth is large and significant for developing countries. Table 5 reproduces the same analysis for developed countries under classification I. The results are not as conclusive as those for developing countries. This may partly result from the smaller sample size. In the baseline regression lnU N DERV AL is significant at 1% and with an estimated coefficient of 0.017. Given the relatively smaller sample size, we introduced control variables one at a time. In the regressions reported in columns (2) to (8), lnU N DERV AL appears to be significant between 1% to 10% and its estimated coefficient remains stable in the 0.012-0.019 range, below that found for developing countries. When using terms of trade, i.e., column (9), and the rule of law index, i.e., column (10), as controls, ln U N DERV AL is not significant. When we control for changes in the terms of trade, the estimated coefficient actually turns negative. Finally, once we divide the sample into two periods, ln U N DERV AL is not significant although the estimates are within the range of previous estimations. Table 6 reports robustness checks for the presence of outliers and endogeneity/simultaneity. The positive relationship between ln U N DERV AL and economic growth observed in previous tables could be driven by some extreme observations of the undervaluation index. Columns (1)- (3) and (6)- (8) show growth regressions for successively narrower ranges of ln U N DERV AL for both developing and developed countries under classification I. For the former, we used a regression including various relevant control variables, whereas for the latter we opted for the baseline growth regression that provides more degrees of freedom. In both groups of countries, the estimated coefficient is robust to changes in the range of ln U N DERV AL, although for developing countries the coefficient is higher and more significant.
Since the real exchange rate is arguably determined jointly with other variables, a potential concern is that the results provided so far suffer from simultaneity problems making the estimated coefficients inconsistent. To address this issue and given the lack of an instrument for ln U N DERV AL, we follow a dynamic panel approach using the generalized method of moments (GMM), which is common practice in growth regressions. Columns (4)- (5) and (9)-(10) in table 6 report both the difference and system GMM estimates for both groups of countries under classification I. 10 It is reassuring to see that the coefficients of lnU N DERV AL are in line with those reported in previous tables. For developing countries, the estimated coefficient lies in the 0.025-0.022 range and is always significant at 1%. For developed countries, it lies in the 0.014-0.019 range and is significant at 5-10%.
We reproduced the same analysis using classification II and obtained very similar results to those presented in tables 4 to 6. The only noteworthy difference is that for developed countries the coefficient on lnU N DERV AL appears statistically indistinguishable from zero in both the difference and system GMM estimations. Results using classification II are reported in the available-on-request appendix.
So far, the findings based on our two classification criteria provide some evidence that the effect of undervaluation on growth is stronger for developing countries. A potential problem with our results, however, is that the sample size is substantially larger for developing countries under both classifications rendering the comparison between countries not entirely reliable. An alternative strategy to evaluate asymmetric results between countries and avoid the sample-size problem is to introduce interaction terms between undervaluation and income. Rodrik (2008) makes ln U N DERV AL interact with real GDP per capita (RGDP CH) and finds that the effect of undervaluation decreases monotonically with income level. Column (7) in Table 2 replicates Rodrik's finding. 11 Our estimated coefficients are almost identical to those obtained by Rodrik. According to these, the effect of ln U N DERV AL turns negative at levels of GDP per capita above $17,548. Columns (8) and (9) in Table 2 report results from regressions in which we add quadratic and cubic interaction terms. In both the linear and the cubic forms, the effect of undervaluation on growth tends to decrease with the income level. The cubic form performs best statistically among the three (both in terms of adjusted R 2 and t statistics). According to this form, the effect of ln U N DERV AL becomes nil at a GDP per capita around $26,220. Figure 1 illustrates the three forms estimated in columns (7)- (9) of table 2.
Contrary to Rodrik's linear specification, our cubic form suggests that the effect of RER undervaluation is also sizable for middle income countries. This was somewhat anticipated by the results in Table 3 , where we found that the effect of undervaluation for developing countries increases as the threshold level of income is reduced but also that the undervaluation effect increases as the lower cutoff for the developed countries is raised gradually from $6000 to $12000 and then starts falling if the cutoff is raised even further. A potential concern is whether the cubic form is an artifact caused by either outliers or low-quality data which is more common in poor countries. We thus conducted robustness checks for measurement errors and outliers. Columns (1) to (4) in Table 7 report the results when we control for data quality by excluding countries with grade "D"; i.e., the lowest quality according to the grading scheme in the Penn World Tables. The effect of undervaluation still decreases with the level of income per capita and the cubic form remains the best fit. In the cubic specification controlling for data quality the effect of ln U N DERV AL evaporates around a GDP per capita of $26,270, very similar to the result obtained using the complete sample. Columns (5) to (7) in Table 7 report robustness checks for outliers. They report the estimates of the cubic specification for successively narrower ranges of ln U N DERV AL. The estimates are very stable. The effect of ln U N DERV AL on growth decreases (non-monotonically) with the level GDP per capita, suggesting again that it is stronger for poorer countries, but also important for middleincome countries. According to regressions (5) to (7), the effect of ln U N DERV AL disappears at GDP per capita around $27,115, $23,080 and $15,800, respectively.
Conclusion
Recent research has found a positive relationship between RER undervaluation and economic growth. Different rationales for this association have been offered, but they all imply that the mechanisms involved should be more prevalent in developing countries. Rodrik (2008) explicitly analyzes and finds evidence that the RER-growth relationship is indeed more prevalent in developing countries. However, his finding is very sensitive to the criterion used to divide the sample between developed and developing countries. In this paper we used alternative classification criteria and empirical strategies to evaluate the existence of asymmetries between groups of countries and found that the effect of currency undervaluation on growth is larger and more robust for developing countries. When we split the sample between developed and developing countries, evidence suggests that the effect of undervaluation is larger and more robust for the latter. However, the smaller sample size of developed countries makes this finding far from conclusive. Additional and more conclusive evidence comes from interacting the index of RER undervaluation with the level GDP per capita. This strategy shows that the effect of currency undervaluation tends to decrease with the level of GDP per capita. However, the decrease is not monotonic as Rodrik suggests. Consistent with his results, the effect of undervaluation on growth appears to be largest for very poor countries, but our results also suggest that it is sizable for middle-income countries as well. 
